Irrigation management and pattern of nitrogen application associated with soil compaction are critical factors in wheat growth. This study aimed to evaluate the effect of irrigation regimes and patterns of nitrogen fertilizer placement in presence of soil compacted layer on some wheat growth parameters. Germination percentage, plant height, pike length, 10-spike weight, total yield and grain yield were measured. Sandy loam lysimeter (0.60 x 1.0 and 0.55 m deep) experiments were conducted in a split-plot design with three replications in the experimental agricultural station of Assiut
Introduction
Water and nutrients supply are the main factors controlling the productivity of irrigated agriculture. Also, type of cultivated plants and water regime are essential factors controlling the yield productivity. Improving the use efficiencies of water and nitrogen is the target of good management and becomes crucial in arid and semi-arid regions where water resources are limited. Generally, the high efficiency is mandatory especially for saving water, increasing soil productivity and protecting the environment.
Wheat (Triticum aestivum L.) is a main source of plant protein in Egypt as in many other parts of the world. Egypt suffers from a considerable gap between its national production and consumption. To solve this problem, the Egyptian government should extend the agricultural area by reclaiming desert land and cultivate it with wheat., Also, the Egyptian scientists are trying to do their best to enhance water use efficiency. Water demand by wheat is variable because it depends on climate, wheat species, soil texture, and irrigation methods. Additionally, in dryland irrigated agriculture; nitrogen fertilization becomes the most limiting factor for crop productivity. Under these conditions, the efficiency of using both irrigation water and nitrogen is often low and depends largely on the method of application (Bar-Yosef, 1999) . Doorenbos and Kassam (1979) reported that, for high yield of wheat, crop water requirements are ranged from 3200 to 5200 m 3 /ha depending on climate and length of the growth period. Mohamed (2007) found that the corresponding applied waters for cultivated wheat under Assiut conditions, Egypt, using three irrigation systems which are surface, sprinkler and drip irrigation were approximately 3211, 2806 and 2489 m 3 /fed respectively. Also, for the three irrigation regimes (25, 50 and 75 % of available soil moisture) using surface and sprinkler methods, the seasonal irrigation water applied values were 3934.98, 3445.26 and 2900.52 m 3 /fed under surface irrigation, while it was 2612.4, 2224.32 and 1918 .14 m 3 /fed under sprinkler irrigation system. Kharrou et al., (2011) conducted a field experiment during the 2004 -2005 season in Haouz area in Morocco for wheat production using surface and drip irrigations. This experiment indicated that drip irrigation was more efficient with 20% of water saving and gave higher wheat yield (+28%) in comparison with surface irrigation. Geerts and Raes (2009) reported that an increase in crop water productivity can occur under deficient irrigation (DI) of wheat without causing severe yield reductions. Tadayon et al., (2012) studied the effects of amounts of supplemental irrigation at growth stages and application of nitrogen fertilizer on grain yield and water productivity of wheat cultivars for 2 years. Their results revealed that there are relationship between grain yield and water productivity, Nitrogen application showed a positive correlation (r 2 =0.88) between grain yield, water productivity, and nitrogen application with available water under their experiment at condition.
Zhang et al., (2017) evaluated the effect of irrigation and nitrogen application on the grain yield, protein content and amino acid composition of winter wheat (2012/2015) in the North China Plain. The results showed that irrigation at jointing stage and at jointing plus a thesis stages improved grain yield with mean of 12.79 and 18.65% respectively, across three cropping seasons compared with no irrigation treatment.
A field experiment was carried out by Shirazi et al., (2014) to evaluate the effect of irrigation regimes and nitrogen levels on the growth and yield of wheat cv. Kanchan (Triticum aestivum L.). The experiment includes two factors such as four irrigation regimes ((no irrigation), 100 mm at 30 days after sowing, 200 mm (100 mm at 30 days+ 100 mm at 45 day), and 300 mm (100 mm at 30 days+ 100 mm at 45 days +100 mm at 60 days)) and four nitrogen levels (00, 80, 100, and 120 kgNha−1). Maximum grain yield of 2.27 t ha −1 was obtained by the application of 200 mm irrigation treatment. The combination of 200 mm irrigation and 120 kg N/ha −1 was the best treatment for optimal production of wheat., Soil compaction can result in crop yield reduction by its effects on water infiltration into the soil, seedlings emergence, roots penetration and uptaking of nutrients and water (Pengthamkeerati et al., 2006) . Oussible et al., (1992) studied the effect of subsurface compaction on the root and shoot growth, grain yield, and grain yield components of wheat (Triticum aestivum L.) by conducted field experiments (1982 and 1983) using a clay loam soil (Typic Calcixerolls). Their results indicated that the grain and straw yields were decreased as a result of compaction by a 12 to 23% and 9 to 20% respectively, compared to un-compacted soil. The decrease in yield was accompanied by a consistent reduction in the number of shoots per unit area. But number of kernels per spike, kernels weight, plant height, leaf area and dry matter per shoot were unaffected. They attributed the decrease in shoot number to a limitation in the amount of available soil nitrogen to the roots. Similar subsurface compaction studied by Ishaq et al., (2001) for wheat (Triticum aestivum L.) . They reported that the soil compaction treatment resulted in a reduction in the grain yield of wheat by a 38% during 1997-1998 season and 8% during 1998-1999 season. While the straw yield was affected by a decrease up to 12% in 1997-1998 season only where it was not affected in 1998-1999 season. Also, results showed that the subsoil compaction adversely affected soil physical properties, which decreased yields as well as water and nutrient use efficiencies by crops. Bokken et al., (1987) investigated effects of soil compaction by tractor traffic on a loam soil on wheat yield. Tractor traffic on wet soil reduced the wheat yield by about 25%, and increased the N-loss through denitrification by a factor of 3-4. Neither of these parameters was affected by tractor traffic at low soil moisture content. Lipiec et al., (2003) showed that an increase in soil compactness results in decreased the root size of barley, the high density of roots in the upper soil, lower rooting depth and a greater distance between the nearest roots. Insufficient water supply decreased in compacted soil whereas the water use efficiency by the roots increased. Both nutrient uptake and effectiveness of fertilization is reduced by soil compaction. According to the literatures cited, the objective of the present work is to evaluate the wheat growth under two levels of irrigation regime (field and saturation capacities) combined with five patterns of compaction and ammonium nitrate placements.
Materials and Methods
Lysimeter experiments were conducted during two successive growth seasons (2016/2017 and 2017/2018) to evaluate the growth of winter wheat under different irrigation regimes and soil compaction. These experiments were carried out at the experimental agricultural station at Assiut University with GPS coordinates of 27° 11′ 16″ N and 31° 10′ 13″ E. The soil lysimeter experiments were conducted in open agriculture field with exposing the upper surface of the soil to the natural atmosphere throughout the growth periods of the two seasons.
The lysimeters were constructed from one type disturbed soil (0.60x1.0 and 0.55 m depth) with or without compaction using wooden boxes (0.60x1.0 and 0.60 m depth). Prior to soil lysimeter packing, the interior sides of the wooden boxes are lined with a protective layer of polystyrene to avoid water leaking. The soil materials were mixed well then packed into wooden boxes with 0.55 m thickness and its surface was 0.05 m from the upper edges of boxes for all lysimeters. Two patterns of soil packing were used. One of them is packed uniformly for the whole thickness of the soil lysimeter (0.55) at a bulk density of 1420.0 kg/m 3 . While, the other pattern was packed into two layers with different bulk densities, where the upper soil layer (0.15 m) was compacted layer at a bulk density of 1580 kg/m 3 , but the lower soil layer (0.40 m) was uncompacted and was packed at a bulk density of 1420.0 kg/m 3 . The compaction of soil was achieved using a heavy load metal part. The used soil in these experiments is classified as Typic Torrifluvents with sandy loam texture (sand = 64.81 %, silt = 15.96% and clay = 19.23 %), More details on the characteristics of this soil were as shown in Table ( Irrigation of the lysimeters was carried out using drip irrigation system that is available at the experimental site. Two irrigation regimes were used for irrigation during the growth seasons. The wheat seeds (Triticum aestivum vulgar, cv Sids 1) were planted at rate of 70 kg/fed in two parallel lines. Black polyethylene plastic pipe of 16 mm diameter was ISSN: 1110-0486 Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg fixed on the lysimeters and 2 drippers were used with discharge rate of 4 L h -1 , on each and the drip irrigation operating pressure was 1.5 bars. The water meter was used to adjust this process. Moisture regime of saturation capacity (S.C) was maintained between 0.350 and 0.198 m 3 m -3 and field capacity (F.S) was maintained between 0.202 and 0.157 m 3 m -3 . Irrigation timing was defined according to the irrigation regime, the growth stage of wheat and the daily potential evapotranspiration (ET 0 ) under Assiut governorate conditions. Weekly pan evaporation, ET 0 , and mean temperature were obtained from an onsite weather station. (Table 2) .
Nitrogen, Phosphorus and potassium fertilizers were added according to the recommended rates by the Egyptian Ministry of Agriculture, at planting time. Phosphorus fertilizer in the form of super phosphate (15% P 2 O 5 ) was added at the rate of 100 kg P 2 O 5 /fed while, potassium fertilizer in the form of potassium sulphate (50% K 2 O) was added at a rate of 50 kg K 2 O/fed. Nitrogen fertilizer in form of ammonium nitrate (33.5% N) was added as one dose to the soil lysimeters in five application patterns at planting at rate of 150 kg N Fed −1 . Additionally, drip fertigation was performed using irrigation water containing 28.37 ppm of nitrogen. 
*Meteorological Station at Assiut University
The compaction and ammonium nitrate placement patterns can be summarized as shown in Table ( 3). Two irrigation regimes meanly, field capacity (F.C.) and saturation capacity (S.C.) were used as the main plots while, five patterns of ammonium nitrate placement and soil compaction, which were mixed fertilizer in uncompacted surface layer (F.IN UN-C.S.L.), fertilizer placed above compacted surface layer (F.ABOVE C.S.L.), fertilizer placed beneath compacted surface layer (F. BE-NEATH C.S.L.), fertilizer was mixed with the surface layer then compacted (F.IN C.S.L.), and placed fertilizer above un-compacted surface layer like the farmer practices (F.ABOVE UN-C.S.L.) were used as sub plots. According to irrigation regimes and ammonium nitrate application patterns, ten treatments were used and each had three replicates
The wheat growth parameters include germination percentage, plant height, pike length, 10-spike weight, total yield, grain yield, grain nitrogen and straw nitrogen contents were measured. Data obtained from these measurements were analyzed statistically for analysis of variance (ANOVA) following the method described by Gomez and Gomez (1984) . 
Results and Discussion Germination percentage
The germination process of wheat seeds is complex and can be affected by many environmental factors such as temperature, water availability, oxygen, light, substrate, maturity and physiological age of the seed. Generally, the minimum water content required in the wheat grain for germination is 35% to 45% by weight (Evans et al., 1975) . Conversely, germination is generally impeded by excess of moisture mainly due to a restriction of oxygen availability.
Germination percentages for all treatments through the two growth seasons of 2016/2017 and 2017/2018 are shown in Figure (1) and Table (4). The two growth seasons will be referred as A for the 1 st season and B for the 2 nd season in all figures. The germination percentages under F.C. were superior in comparison to the irrigation at S.C. under all compaction and ammonium nitrate placement patterns (Figure1). The germination percentages under F.C was 1.29-50.89% with an average of 14.8% greater than S.C. 1 st season and from 3.29 to 58.75% with an average of 15.5% greater than S.C. in the 2 nd season among of all treatment. Also, the highest increase was record in F. ABOVE C.S.L. treatment, while the lowest one was observed in F. IN C.S.L. treatment for both season (Table 4).
The results indicated that the treatment of F. BENEATH C.S.L. possessed the greatest germination percentage (95.9%and 94%) under F.C regime, while the treatment F. ABOVE C.S.L. produced the lowest germination percentage (56% and 54.3%) under S.C. regimein the both season. These variation in the germination percentages under the F.C and S.C. might attribute to soil air and water content for seed germination, i.e. at saturation capacity, the air content is null while at field capacity the aeration capacity is suitable for respiration that enhance the seed germination.
In the present study, analysis of the data indicated that irrigation regimes and, the combined pattern of nitrogen placement and compaction had a high significant (p<0.01) effects on the germination percentages for the two growth seasons (Table 4) . Ashraf and Abu-Shakra (1978) found that the seeds of four wheat cultivars germinated when on soil their moisture content was approximately 50% on a fresh weight basis.
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Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php (2016) and Saleem et al., (2007) . Al-Molhem (2016) found that irrigation of wheat at 100% of the evapotranspiration potential had the greatest plant height in comparison to irrigation at 60% or 80 % regimes, and Saleem et al., (2007) reported that three irrigations during the whole season of growth gave the greatest wheat plant height in comparison to zero or four irrigations
The present study showed that the patterns of nitrogen placements with soil compaction affected the plant height. incorporation of the nitrogen fertilizer in the upper 0.15-m layer at S.C. regime possessed the greatest plant higher. Irrigation at the F.C. with the nitrogen placement and compaction patterns affected wheat heights significantly (Table 5 ). Irrigation at the saturation capacity at the corresponding fertilization and com-paction show significant effects on the plant height (Table 5) .
Generally, patterns fertilizer application patterns did exhibit small variations on wheat shoot heights under both irrigation regimes. Atwell (1990) studied wheat {Triticum aestivum L. cv. Eradu) growth in the field on a deep loamy sand soil which had either a compact soil layer (compact soil) between 10 and 55 cm depth or a deep-tilled profile (loosened soil). Between 33 and 62 day after sowing, shoots grow more slowly and had fewer tillers on the compact soil. 
Spike length
The data of spike length as a function of irrigation regimes, different nitrogen placements and compactions patterns for the two seasons are presented in Figure (3) . Values of spikes length varied form 9.7 to 11.5 cm under all treatments for both tow seasons. The spike length as an average were 10.4 and 11.3 cm under F.C. and S.C. irrigation regime respectively in the first growth season. The corresponding spike length in the second growth season was 10.8 cm for both irrigation regimes ( Table 6 ). The spikes length differed little between the two irrigation regimes. The difference in spikes length under F.C. and S.C. ranged between zero to 1.3 cm. Where the greatest difference (1.3 cm) was recorded under F. BE-NEATH C.S.L. in the first season, while the lowest one (zero) was observed under F. IN C.S.L. in the second season.
The values of spike length were increased under F.C. regime and decreased under S.C. regime in the second season compared to the first season. Also, placement of nitrogen and fertilizer compaction patterns of soil affect the spike length significantly in the first season only. Where The differences in the spike length during the second season do not show consistent trend and do not differ significantly. (Table 6 ). Doi:10.21608/ajas.2019 .41278 Abd-Elaziz, et al., 2019 F=fertilizer .C=compacted. S=surface. L=layer
Figure (3):
The spike length at harvesting under field capacity (F.C.) and saturation capacity (S.C.) regimes, and different patterns of compactions and fertilization placement (A first season and B second season).
The weight of 10-spikes
Values of weight of 10-spikes varied 11.4 to 29.4 grams under all treatments for both two seasons (Table 7 and Figure 4 ) the 10-spikes weight for the irrigation regime at F.C. and S.C. as averages were 16.85 and 16.33 g, respectively in the first growth season. The corresponding weight in the second were 26.4 and 25.65 g. the weight of 10-spikes under the field capacity irrigation regime was superior for most fertilization-compaction patterns in comparison to those under the saturation regime during the first growth season, except placed fertilizer above compacted surface layer (F. ABOVE C.S.L.) treatment (Figure 4) .
The weights of spikes under the two growth seasons showed discrepancies, where the second season gave greater spikes weight values (average 26.04 g) than the first season. (average 16.59 g). Also, in the second season reduction of the differences in values of spikes weight was recorded for corresponding treatments under F.C. and S.C. regimes compared to the first season. It seems that the climatic condition, i.e. temperature and relative humidity, might affect the weights of spike. Since there are wide variations in the spike weight among the treatments, it is difficult to define a specific trend using this growth parameter.
Generally, irrigation at the field capacity combined with either placing fertilizer beneath compacted surface layer (F. BENEATH C.S.L.) or mixing fertilizer in compacted surface layer (F.IN C.S.L.) was the best combination treatment. Using the irrigation regime at F.C. minimize NO 3 − -N leaching which enhance the nitrogen uptake by plant. It is noticed that length spikes, the spike weights differed significantly in the first growth season and highly significantly in the second growth season under the placement of nitrogen and compaction patterns treatments (Table 7). In the present study, the upper compacted soil layer had a bulk density of 1580 kg/m 3 for the sandy loam soil. This is not a high bulk density to cause growth retardation for such a plant root growth (Duiker, 2004) . According to this author, the bulk den-sity that restricts root growth is 1800 kg/m 3 and the ideal bulk density for root growth ranges between 1400-1800 kg/m 3 for the sandy loam texture. 
The total wheat biomass yield
The data of the total yield biomass of wheat for all treatments are as shown in Figure (5) . The average values of total yield using F.C. irrigation regime were 17.71-46.72% greater than when S.C. regime was used, except F. ABOVE C.S.L. and F. IN C.S.L treatments in the 1 st season and from 4.26 to 71.88% greater than S.C. except F. ABOVE C.S.L. treatment in the 2 nd season. These averages were 9.4 and 7.9 (ton ha -1 ) under F.C. and S.C. in the first season regimes respectively, the corresponding averages were 9.0 and 8. (ton ha -1 ) in the second season. The F. BENEATH C.S.L. treatment under F.C regime was the best combination one in both seasons. The high total yield under F.C. irrigation regime may be attributed to the high nitrogen content in the root zone of the plant compared to corresponding content using S.C. regime. Similarly, the amount of residual NO 3 − -N in soil profiles was decreased with the increasing the amount of irrigation (Wang et al., 2010) . The nitrogen placement and compaction patterns did affect the total yields significantly (Table 8) . 
The grain yield
The grain yields for the two irrigation regimes, the nitrogen placements and compaction patterns are shown in Figure (6) . The grain yield of wheat behaved similarly to the total biomass yield but the exception of the placed fertilizer above compacted surface layer (F. ABOVE C.S.L.) treatment, occurred in the first season only. The averages were 5.9 and 3.9 (ton ha -1 ) for F.C. and S.C. irrigation regimes, respectively in the first season and 6.2 and 5.2 (ton ha -1 ) in the second season. It is obvious that the grain yield under irrigation at field capacity was superior to those under saturation capacity. where, irrigated at field capacity improved grain yield by averages of 28.2 and 84.4%across both seasons compared with irrigation at saturation capacity Similar to the results of 10-spike weight, irrigation at the field capacity combined with either placing fertilizer beneath compacted surface layer (F. BE-NEATH C.S.L.) or mixing fertilizer in compacted surface layer (F.IN C.S.L.) was the best combination treatment. The lowest grain yield was produced from the treatment of placing fertilizer above compacted surface layer (F. ABOVE C.S.L.) in both seasons under F.C. regime. The irrigation regimes, nitrogen placement and compaction patterns affect the grain yields highly significant (Table  9 ). As mentioned previously, the compaction might reduce the NO 3 − -N leaching that enhanced the grain weight. Similarly, the results of Wang et al., (2010) clearly showed that the relative high grain yield and irrigation water productivity, and relative low N loss were achieved with application of 221 kg N ha −1 and low irrigation. Zhang et al., (2017) found that irrigation at jointing and at jointing plus and improved grain yield by averages of 12.79 and 18. 65% across all the three seasons compared with no irrigation. 
Effect of compaction on wheat growth
The effect of compaction on the wheat growth was evaluated using the average of growth parameter for the non-compaction condition which is calculated from F.IN UN-C.S.L. and F. ABOVE UN-C.S.L. treatments, while the average of compaction condition was obtained from F.ABOVE C.S.L., F. BENEATH C.S.L. and F.IN C.S.L treatments as shown in Table ( 10) . For the first growth season, the germination percentages were 76.3 and 88.9% under the F.C. irrigation regime for non-compaction and compaction conditions, respectively (Table 10 ). The corresponding germination percentages under S.C. regime were 68.9 and 75.7%. It is obvious that moderate compaction, i.e. bulk density of 1580 kg/m 3 , enhanced the germination percentage in comparison to non-compaction condition, i.e. bulk density of 1420 kg/m 3 . This may be due to that the compacted soil layer retained a suitable amount of water that encourages wheat seeds germination. The Plant height under the non-compaction condition was shorter than its value under compaction condition using the F.C. irrigation level in both seasons. The 10-spike weights, total biomass yield, grain yield, showed similar trend as the plant height and germination percentage. The compaction and non-compaction soil conditions showed similar spike lengths in both seasons. 
Conclusion
Lysimeter experiments were conducted for growth wheat plants (Triticum aestivum L.) using two irrigation regimes, field capacity (F.C.) and saturation capacity (S.C.), and five ammonium nitrate placements combined with moderate compacted/non-compacted surface soil layer. Sandy loam soil was packed in the lysimeters. The upper 0.15 m soil layer was compacted moderately to 1580 Kg/m3 in some lysimeters while the rest of soil layer (0.40-m deep) was packed at 1420 kg/m 3 . Some growth parameter growth parameters were measured for evaluation the irrigation regimes, nitrate placement and surface soil compaction. the result showed that growth parameters such as germination percentage, total and grain yield improved under irrigation at filed capacity regime. All the studied growth parameter showed moderate compaction of the surface sandy loam soil layer is preferred compared to the un-compacted soil layer except the length of pike which showed similer values for compacted and un-compacted soil. So, it is recommended to use irrigation at filed capacity and the moderate compaction of surface layer when cultivate wheat in sandy loam soil.
